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INTERNATIONAL COMMITTEE ON 
WEIGHTS AND MEASURES 


The International Committee on 
Weights and Measures held its regular 
biennial meeting at Sevres and Paris, 
France, October 1 to 8, 1985. Its ac- 
tions of most general interest concern 
the adjustment of values of the elec- 
trical units to make them concordant 
with the fundamental mechanical 
units. 

The Eighth General Conference in 
1983 gave the international committee 
power to fix new values of the elec- 
trical units and the date for their adop- 
tion. It was expected that the new 
values would be established provision- 
ally in 1985 (Technical News Bulletin 
200; December 1983), but reports pre- 
sented to a meeting of the Advisory 
Committee on Electricity, September 
24 to 27, indicated that several years 
more would be required to complete 
the experimental determinations con- 
sidered necessary to give a satisfactory 
basis for the units. The international 
committee therefore adopted the fol- 
lowing resolutions (translated from 
the official French text): 

1. The International committee de- 
cides that the definitive date on which 
the absoluate practical system of elec- 
trical units shall be substituted for the 
(present) international system shall be 
January 1, 1940. 
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2. The Advisory Committee on Elec- 
tricity is given the duty of establishing, 
not later than February 1939, the 
ratios between the new absolute units 
and the corresponding international 
units. 

3. The meetings of the advisory 
committee and of the technical sub- 
committee planned for the year 1937 
shall be held for the purpose of fixing 
provisional values of these ratios. 

4. In the final establishment of these 
ratios there shall be considered only 
those definitive results of absolute 
measurements which shall have been 
reported to the advisory committee 
before the end of 1938. 

5. These ratios shall be certified to 
the governments of the different coun- 
tries not later than March 1939. 

6. The new values of the electrical 
standards thus established shall hold 
for a period of at least 6 years from 
January 1, 1940. 

The international committee also 
approved the following statement for 
general publication: 

1. In accordance with the authority 
and responsibility placed upon it by 
the General Conference on Weights 
and Measures in 1933, the Interna- 
tional Committee on Weights and 
Measures has decided that the actual 
substitution of the absolute system of 
electrical units for the international 


1 









system shall take place on the 1st of 
January 1940. 

2. In collaboration with the national 
physical laboratories, the committee is 
actively engaged in establishing the 
ratios between the international units 
and the corresponding practical abso- 
lute units, 

3. The committee directs attention 
to the fact that it is not at all neces- 
sary for any existing electrical stand- 
ard to be altered or modified with a 
view to making its actual value con- 
form with the new units. For the ma- 
jority of engineering applications the 
old values of the international stand- 
ards will be sufficiently close to the 
new for no change, even of a numeri- 
cal nature, to be required. If for 
any special reason a higher precision 
is necessary, numerical corrections can 
always be applied. 

4. The following table gives a pro- 
visional list of the ratios of the inter- 
national units to the corresponding 
practical absolute units, taken to the 
fourth decimal place. Since differ- 
ences affecting the fifth decimal place 
exist between the standards of the in- 
ternational units held by the various 
national laboratories and also because 
all the laboratories which have under- 
taken determinations of the values of 
their standards in absolute measure 
have not yet obtained final results, 
the committee does not consider it de- 
sirable for the present to seek a higher 
precision. At the same time it hopes 
that it will be possible to extend the 
tuble of these ratios with a close ap- 
proximation to the fifth decimal place 
well before the date fixed for the act- 
ual substitution of the practical abso- 
lute system for the _ international 
system. 


1 ampere, international =0.999 9 ampere, absolute 
1 coulomb, international =0.999 9 coulomb, absolute 
1 ohm, international .000 5 ohms, absolute 

1 volt, international .000 4 volts, absolute 

1 henry, international .000 5 henrys, absolute 

1 farad, international .999 5 farad, absolute 

1 weber, international .000 4 webers, absolute 

1 watt, international .000 3 watts, absolute 

1 joule, international .000 3 joules, absolute 
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With a view to reconciling the dif- 
ferences now existing between “ inter- 
national” units as maintained in dif- 
ferent countries, the French labora- 
tory, which was most divergent, an- 
nounced that it would accept the mean 
of the other five principal laboratories, 
and proposed that other countries do 
the same. The remaining differences, 
however, are a very few parts in 
100 000, aud in view of the prospective 
change to the absolute units within a 
few years the National Bureau of 
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Standards did not think it wise to con- 
fuse the records by an intermediate 
adjustment of units. 

At a meeting in June 1935, the In- 
ternational Electrotechnical Commis- 
sion had decided to adopt the Giorgi 
system of units based upon the meter, 
kilogram, second, and a fundamental 
electrical unit to be chosen later. 
With regard to the choice of this fourth 
unit, the IEC asked the advice of 
the international organizations dealing 
with weights and measures. The pre- 
vailing opinion was that the connec- 
tion between electrical and mechanical 
units should be made by assigning a 
value for the permeability of space. If 
the IEC insisted upon choosing one of 
the practical electrical units as a basis 
for the system, it should preferably be 
the ampere defined in terms of the 
force between parallel conductors. 

(A full discussion of this question was 
published in the December 1935, issue of 
Electrical Engineering by Prof. A. E. 
Kennelly, American member of the Inter- 
national Committee on Weights and 
Measures. ) 

An Advisory Committee on Photo- 
metry was appointed, including repre- 
sentatives of the national laboratories 
of France, Germany, Great Britain, 
Japan, Union of Soviet Socialist Re- 
publics, and the United States, and 
four members appointed as individuals 
from France, Germany, Holland, and 
Italy, respectively. This committee is 
not expected to meet until 1937. 


ABSOLUTE DETERMINATION OF THE 
OHM 


One of the important developments 
of modern physics has been the estab- 
lishment of the single system of units 
now used in connection with all physi- 
cal measurements. The ohm is the 
unit of electrical resistance in this sys- 
tem and is universally employed, not 
only in laboratories, but also in every 
shop and factory where electrical meas- 
urements are made. Hence it is impor- 
tant to establish and maintain this 
unit with the highest possible accuracy. 

There are two important reasons for 
making an absolute determination of 
the ohm. In the first place, it is essen- 
tial that the unit shall correspond as 
nearly as possible to the fundamental 
definition. There are always errors in 
any experimental investigation so that 
it is never possible to be certain that 
the actual unit exactly corresponds to 
the theoretical one. The present prac- 
tical unit depends on absolute measure- 
ments made more than 40 years ago. 
During this time there have been im- 
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portant improvements, both in mate- 
rials available for the construction of 
suitable apparatus and in measuring 
technique. Hence a new determination 
was needed to give a more accurate 
value than was formerly possible. 

In the second place, an absolute de- 
termination of the ohm is desirable 
from time to time to ascertain whether 
the resistance standards have correctly 
maintained the value of the last abso- 
lute measurement. Resistance stand- 
ards are coils of wire which are so con- 
structed that their resistance is ex- 
pected to remain contant. However, no 
group has ever been made in which any 
one of the individual standards has re- 
mained constant relative to the mean of 
the group over a period of 10 or 20 
years. Therefore, there is no reason 
to believe that the mean value remains 
constant. Early experiments attempt- 
ed to remedy this difficulty by estab- 
lishing the mercury ohm, but experi- 
ence has shown that a measurement by 
means of the mercury ohm is more dif- 
ficult than an absolute measurement, 
besides failing to give any information 
concerning the relationship of the 
actual and theoretical units. 

An investigation recently completed 
in the Bureau’s laboratories after 11 
years of work, shows that the National 
Bureau of Standards international ohm 
differs from the theoretical ohm by 
450 parts in a million, with the prob- 
ability that this is in error by less than 
20 parts in a million. Hence the value 
in absolute ohms of any resistance 
standard which has been certified by 
the Bureau can be obtained by multi- 
plying the certified value by 1.000 450. 
The result of this investigation is pre- 
cisely stated as 


1 NBS international ohm—1.000 450 absolute ohms» 


Full details of this work are reported 
in the Journal of Research for Jan- 
vary. 


CHANGE OF VOLUME OF RUBBER ON 
STRETCHING 


When rubber is stretched isother- 
mally at ordinary temperatures the vol- 
ume remains constant at lew elonga- 
tions, but as the stretching is continued 
a critical point is reached at which the 
volume begins to decrease. Above this 
point, the greater the elongation, the 
more rapidly does the volume decrease. 
When a sample is held at a definite 
elongation above the critical point it 








may be observed that the shrinkage 
in volume is not an instantaneous 
process but proceeds at a diminishing 
rate with time. An investigation is 
now in progress at the Bureau in 
which precise measurements are being 
made of the change of volume in rela- 
tion to the elongation, the temperature, 
and the time during which the rubber 
is kept stretched. 

The critical elongation at which the 
volume of the rubber begins to change 
is greater the higher the temperature. 
At 0° C. it is approximately 200 per- 
cent; at 25°, 400 percent; at 60°, 500 
percent; while at 70° C. no change of 
volume was observed for elongations 
up to 600 percent. 

Experiments with samples of rubber 
stretched to definite elongations have 
been conducted for periods of several 
weeks without reaching a constant vol- 
ume. Typical results on one sample 
of rubber stretched to 600-percent elon- 
gation at 25° C. and maintained in this 
stretched condition at 25° C. are as 
follows : 


Relative 
volume 


Before stretching 1. 0000 
. 9935 
. 9912 
- 9901 
. 9881 
. 9865 
. 9852 
. 9847 


After stretching 


The volume at the end of 3 weeks 
was still changing a little from 
day to day, and it appears that a very 
long time would be required for the 
limit to be reached. The present data 
do not suffice for any reliable estima- 
tion of the limit by extrapolation. 

Experiments were also conducted to 
determine the effect of changing the 
temperature of stretched rubber. The 
results showed that the volume coeffi- 
cient of expansion of the stretched 
rubber is greater than that of the un- 
stretched. They also indicated that 
the behavior of stretched rubber is de- 
pendent in large measure on the tem- 
perature at which it is stretched. For 
example, a sample of rubber stretched 
at 25° ©. and cooled to 0° C. exhibits 
very different behavior from one in- 
itially stretched at 0° C. 

Most of this investigation is being 
conducted with soft, vulcanized rubber 
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made according to simple formulas 
such as the following: 





; Parts, by 

Ingredient weight 
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NS 8 ee en a 1 
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When rubber compounds containing 
fillers are stretched, the decrease in 
volume of the rubber phase may be 
masked by a large increase in volume 
resulting from the formation of vacu- 
oles around the filler particles. 


SHOE ENDURANCE MACHINE 


Tests which simulate service condi- 
tions are being used to an ever-increas- 
ing extent in up-to-date laboratories, 
because, after all, the way a product 
stands up under conditions of actual 
use is what the average purchaser is 
interested in. The chemical composi- 
tion of the material or even its physi- 
cal properties are matters of but little 
moment, provided the service which 
the product renders is satisfactory. Ta 
the development of these newer meth- 
ods of testing the Bureau has played 
an important part. It was natural, 
therefore, that the General Federation 
of Women’s Clubs should seek the as- 
sistance of the Bureau in the working 
out of service tests and in the prepara- 
tion of specifications for such things as 
shoes and hosiery. 

A machine for testing the wearing 
quality of hosiery was designed and 
constructed at the Bureau over 2 years 
ago (Technical News Builetin 202; 
February 1934) and has been in prac- 
tically continuous use. 

The latest development is a machine 
designed by E. L. Wallace, of the 
leather section, to measure the wearing 
qualities of shoes. The machine was 
designed to imitate to some extent the 
forces which are applied to a shoe in 
service. Motion pictures of persons 
walking were analyzed and served as 
a guide in working out the motions of 
the various parts. The machine con- 
sists of eight radial cylinders having 
pistons ground to fit smoothly. These 
cylinders and their projecting pistons 
form, in effect, the spokes of a rimless 
wheel, and the whole is free to rotate 
about an axis. Four pairs of shoes, 
fitted to plastic rubber forms, are fas- 
tened to the movable pistons by ad- 
justable hinged joints. The load ap- 








plied to each shoe is controlled by an 
adjustable compression spring within 
the cylinders. An endless belt is 
driven across a bed of rollers by a 
motor and gear reducer and the radial 
cylinders are caused to rotate by con- 
tact of the shoes on the belt surface. 
In operation the heel of one shoe first 
comes in contact with the belt and as 
it travels along the sole and heel both 
press on the belt surface. The load on 
the shoe gradually increases and is at 
a maximum when the pisten is per- 
pendicular to the belt surface. As the 
shoe travels farther the load gradually 
decreases, the heel leaves the belt, and 
the toe is flexed somewhat as in walk- 
ing. The shoes are run against a cord 
rubber belt to minimize any wear on 
the soles, since the test is primarily 
intended to show comparative endur- 
ance of the shoe upper leather, linings, 
stitches, and heels. 

Preliminary tests are now being run 
on the machine, and so far the results 
are very promising since they check 
closely those obtained in actual service. 


TRANSPARENT PLASTICS FOR 
AIRCRAFT WINDOWS 


Although no organic plastic has yet 
been developed that possesses both the 
qualities and the low price of glass, 
nevertheless, such plastics are now 
serving aS windows on many airpianes. 
Two properties of fundamental impor- 
tance in the use of transparent mate- 
rials on aircraft, namely, weight and 
flexibility, have brought about this in- 
vasion of a field generally limited to 
glass. The organic plastics are ap- 
proximately one-half as heavy as glass, 
which is a distinct advantage for aero- 
nautical purposes. Plastic materials 
can be made up in sheets which are 
flexible and can, therefore, be readily 
fitted into openings in curved surfaces. 
Such inclosures offer considerably less 
wind resistance than the flat faces ordi- 
narily required when giass is used. 

The flexible plastics now in use, how- 
ever, lack the weathering and scratch- 
ing resistance characteristic of glass. 
Recognizing that there is a real need 
for an improved flexible aircraft win- 
dow material, the Bureau, in coopera- 
tion with the National Advisory Com- 
mittee for Aeronautics, is studying the 
suitability of transparent plastics for 
this purpose. All commercially and 
experimentally available synthetic 
resins and cellulose derivatives will 
be examined to determine their trans- 
parency; resistance to surface abra- 
sion; flexibility; impact strength at 
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high and low temperatures; resistance 
to deterioration by heat, cold, and sun- 
light, and to the action of water, gaso- 
line, soap, and similar materials; di- 
mensional stability; flame resistance ; 
and related properties. Such a com- 
prehensive study may lead not only to 
further improvement of the flexible 
plastics now in use, but also to the 
development of other transparent ma- 
terials which will be suitable for air- 
craft windows. 


DESIGN AND CONSTRUCTION OF 
BUILDING EXITS 


To be trapped in a burning building 
is an experience of peculiar horror. 
Every year there occurs some building 
fire of major importance where occu- 
pants are helpless to effect their escape 
and either lose their lives or are res- 
cued only through the heroic efforts of 
firemen. Popular concern flares up for 
the moment but scon subsides as some 
other event crowds out the memory of 
the previous occurrence. It is only 
through continuous study of what can 
reasonably be provided in the way of 
exit facilities that improvement can be 
brought about in them and the tragic 
consequences of neglect and indiffer- 
ence counteracted. 

In Miscellaneous Publication M151 
of the National Bureau of Standards, 
present practice in supplying exits and 
the rates at which people can pass 
down stairways or through doorways 
are set forth in detail. The investiga- 
tors examined exits in a great variety 
of buildings. They were particularly 
impressed by the varying degree of 
safety afforded occupants in different 
cities and by the number of exits which, 
although ample in design, were ineffec- 
tive because of locked doors, blocked 
passageways, or other evidences of poor 
maintenance. 

The studies of the rate at which 
people can use exits are of special in- 
terest. By means of stop watches and 
hand counters, accurate counts were 
made of crowds passing up and down 
Stairways and through doorways of 
varying width. It was observed that 
as an exit became wider more people 
were able to pass through it, but after 
a certain width, about 6 feet, the in- 
crease in capacity dropped off so that 
an extremely wide exit was not rela- 
tively as efficient as a moderately wide 
one. The counts were taken in various 
buildings and under a wide range of 
conditions, including fire drills and 
crowds pushed to maximum effort to 
escape. However, it was recognized 


that the results obtained could 
reproduce conditions of panic. 

The report also discusses theories 
of exit design which form the basis for 
different systems of calculating size of 
stairways and other means of egress. 
Each cof these has certain advantages 
and disadvantages. A series of sug- 
gestions is made for consideration 
when local exit requirements are 
drawn up. These suggestions are ac- 
companied by running comment and by 
diagrams which show how exit width 
may be figured and the effects of the 
various recommendations in actual 
buildings. 

The publication is obtainable from 
the Superintendent of Documents, Gov- 
ernment Printing Office, Washington, 
D. C., at 10 cents a copy. 


not 


COMPRESSIVE STRENGTH OF MOLDING 
SANDS 


Members of the Committee on Mold- 
ing Sand Research of the American 
Foundrymen’s Asseciation, together 
with several sand producers, have 
raised some interesting questions re- 
garding the equipment and methods of 
test used in measuring the compressive 
strength of molding sands. It has been 
pointed out repeatedly that variations 
in length between the tolerance limits 
will affect strength measurements made 
on eylindrical specimens of molding 
sands. The method of preparing the 
specimen and the condition of the speci- 
men container will also affect the re- 
sults. 

The Bureau has for some time recog- 
nized these difficulties in its work on 
the testing of molding sands. In co- 
operation with a subcommittee of the 
Committee on Molding Sand Research, 
an investigation is planned at the Bu- 
reau in order to determine the impor- 
tance of the various factors that influ- 
ence the results of the strength test. 
An analysis of the problem has been 
made and several changes are being 
suggested in the standard testing pro- 
cedure to insure more uniform and con- 
sistent results. Proper maintenance of 
all testing equipment and careful 
laboratery technique will be essential 
in order to obtain accurate and reliable 
results. 


CRACKING OF DIESEL ENGINE PISTON 
IN SERVICE 


A recent metallurgical examination 
at the Bureau of a large Diesel engine 
piston that had cracked in service has 
proved very informative. The piston, 
a hollow steel casting with a wall 
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thickness of about 2 inches, contained 
numerous cracks on the inner wall, one 
of which extended entirely through the 
wall and through which the piston- 
cooling liquid had leaked into the cyl- 
inder, as well as a number of cracks 
on the outer wall. 

All of the cracks showed, unmistak- 
ably, fatigue characteristics which was 
evidence that they had formed under 
the action of repeated stresses which 
were associated, most probably, with 
the reciprocating motion of the piston. 
The fatigue action of the repeated 
stresses was accentuated by the ex- 
tremely rough inner surface of the 
piston, but this effect was overshad- 
owed by the much more serious effect 
of corrosion, evidence of which was 
found in corrosion pits on the inner 
surface in the area where the fatigue 
cracks were localized. As is now well 
recognized, the simultaneous action of 
repeated stress and of corrosion results 
in fatigue cracks in metals at stresses 
very much below the fatigue limit as 
ordinarily determined. The failure of 
the piston was clearly a case of corro- 
sion-fatigue. 


DURABILITY OF LICENSE PLATE 
COATINGS 


During the past month the Bureau’s 
accelerated weathering apparatus has 
been employed to determine the com- 
parative durability of the automobile 
plate coatings used during the years 
1934, 1935, and 1986 by the State of 
South Carolina. 

The plates for 1984 and 1986 have a 
yellow and black color scheme, while 
for the 1985 plates the color scheme is 
black and white. The last has proved 
to be the poorest of the plates. After 
2 weeks in the accelerated test the 
white coating was chalking badly and 
rust began to show through. The yel- 
low and black coatings, on the other 
hand, were in perfect condition. This 
confirms previous findings of the 
Bureau. 


REFLECTANCE STANDARDS FOR 
ENAMELS 


In Technical News Bulletin 217 
(May 1935), an item on the above in- 
dicated subject pointed out some of the 
causes of discrepancies between re- 
flectance readings obtained in different 
laboratories, and stated that the Bu- 
reau was cooperating with the Porce- 
lain Enamel Institute in developing 
standard tests, having recently begun 
work on the reflectance test. Since 


that time a number of sets of standard 
reflectance plaques, each set having a 
total of 10 calibrated areas, have been 
sent to laboratories which have cooper- 
ated in this undertaking. It is planned 
that additional sets of enameled 
plaques will be calibrated as reflect- 
ance standards for those who desire 
them, upon payment of a fee. The use 
of these comparison standards, cover- 
ing a range of reflectance from 50 to 
87 percent, constitutes a major step in 
bringing reflectance readings obtained 
in different laboratories to a common 
basis. 

A procedure of test, which includes 
the method of measuring reflectance 
that is to be considered as standard, 
and a method of analyzing reflectance 
data to obtain the two fundamental re- 
flectance constants of enamels, has 
been submitted to the Porcelain 
Enanel Institute and on November 12 
was adopted by vote as a tentative 
standard. The adopted standard also 
specifies a basis for classifying com- 
mercial enamel frits according to their 
reflectance characteristics, and is ex- 
pected to be published in the near 
future as a pamphlet of the Porcelain 
Enamel! Institute. 


COLD-SETTING REFRACTORY CEMENTS 


Cold-setting refractory cements are 
a comparatively new addition to the 
refractories field and since their con- 
sumption has increased rapidly during 
the past 10 years, a real need for this 
material apparently exists. A cold- 
setting refractory cement, as its name 
implies, will set up or harden without 
the application of heat, and at the 
same time because of its refractory 
ingredients will form a ceramic bond 
at high temperatures. The ability of 
a cement to develop and retain strength 
over a wide temperature range is a 
very desirable asset since it may then 
be used in all parts of a furnace in- 
stallation without danger of any of the 
refractories working loose during op- 
eration of the furnace. 

The necessity for evaluating certain 
properties of these cements is evident 
in order to aid the consumer to choose 
those most suitable for his purpose. 
The Bureau has undertaken a study 
with that end in view and has ob- 
tained results in preliminary tests 
which show that the bonding strength 
of a cement is dependent on the type 
of fire-clay refractory with which it 
is used. For this purpose four differ- 
ent types of cold-setting fire-clay ce- 
ments received in the wet condition 
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were studied with respect to water 
content, drying shrinkage, particle 
size, pyrometric cone equivalent (sof- 
tening point), and transverse strength. 
Also, five brands of fire-clay brick were 
studied with respect to rate of water 
absorption and transverse strength. 
The unheated bonding character of 
each of the 4 cements was obtained 
with each of the 5 brands of brick 
by joining the 24%4- by 4%-inch faces 
of 2 half bricks, using a ys-inch mortar 
joint. After drying, the strength of 
the joint was found by breaking the 
bonded brick transversely. 

The transverse strength of the bricks 
ranged from 440 to 2,665 lb/in.? and 
the total water absorption from 1.5 to 
14.6 percent. The transverse strength 
of the cements ranged from 900 to 
3,415 lb/in.’, the water content from 
22.5 to 25.8 percent, the drying shrink- 
age from 2 to 8 percent, the sieve anal- 
ysis showed from 0 to 15 percent 
retained on a No. 60 U. S. Standard 
Sieve, and the pyrometric cone equiva- 
lent ranged from 27 to between 31 and 
32. The results obtained indicate that 
the bonding strength of the cement is 
greatly influenced by the type of brick 
with which it is used. In other words, 
if the cement properly bonds with the 
bricks, the strength of the joint varies 
with the strength of the brick and also 
with the rate of water absorption. 
As an example, the Same cement when 
used with each of five different brands 
of brick showed a bonding strength 
ranging from 190 to 630 lb/in. This 
information leads to the conclusion 
that some consideration must be given 
to the type of brick when a require- 
ment for bonding strength is included 
in a specification for cold-setting re- 
fractory cements. 


EFFECT OF REPEATED FREEZING AND 
THAWING UPON THE PORE STRUC- 
TURE OF BRICK 


In the study of pore structure of 
structural clay products and its rela- 
tion to the resistance to disintegra- 
tion by weathering agencies, repeated 
freezing and thawing tests are being 
made on medium hard and soft brick 
to determine the effect of such treat- 
ment upon pore structure. The brick 
are soaked in water for 48 hours, fro- 
zen, thawed in tap water, and dried 
to constant weight at 110° C for each 
cycle, and the dry weight, bulk volume, 
solid volume, porosity, density, water 
absorption, and air permeability are de- 
termined for each cycle. As the per- 
meability indicates that the flow of 
air through the specimen follows the 
law of capillary flow, the porosity 


equivalent in uniform capillaries of 
radius r and number » are calculated 
from Poiseuille’s formula for compar- 
ative purposes between different cycles. 

The results of repeated freezing, 
thawing, and drying indicate that 
the bulk volume and absorption remain 
substantially unchanged, the weight, 
solid volume, permeability, and capil- 
lary radius r increase and the porosity, 
density, and number of capillaries n 
decrease. 

The increase in permeability and in- 
crease in 7 indicate that the pores or 
connecting passages between them are 
being enlarged, and the decrease in 
porosity, increase in weight, and de- 
crease in both density and n indicate 
that water is being taken up by min- 
ute pores which may be due to freezing 
pressure, and is held with such tenac- 
ity that it is not expelled during dry- 
ing at 110° C, 
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